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INTHOLDUCT Ir 


In atternoting to discuss e subject of this cherrecter it should be clearly 
understood at the outset that the purmose is not to emphasize the mere fact 
of occurrence of suc: catastronhes, tne memory of which. time has largely rele- 
gated to oblivion, but rnther to stress the mesns of their prevention, avail- 
eble not only snbseqent to but also at the time of occurrence, 


A careful, Seuestestada: undiased atudy of the causes Of mine exvolosions 
leads inevitebly and definitely to the conclision thet the human element is 
the most imvortent factor. The Inuman fsctor scold nowever, be evaluated in 
terms of resnonsioility--resnonsibility on the pert of tre emolcyer to rectg-~ 
nize the existing hazards and take the necessary remecial action, and on the 
part of the employee to perform his duties faithfully, diligently, scruvu= 
lously, and in strict conformity with Stete mining lows and id rules or 
other regulations. 


Weoile it is not the mrvose of this revort to endeavor to establish indi- 
vidual resnonsibility for any particular disester it is innort:nt that the 
management, accept the PERPORE SEELEY. dn. nearly all instances for the prevention 
of such accidents. 


The several czsuses of nine. explosions in Utah will be discussed and ana~ 
lyzed, and definite recommendations will be made besed on obvious conclusions 
drawn from the exverience of tne coal-mining industry, with a view to revita- 
lizing the interest and concern »vrerecuisite to the vrevention of accidents 
as utterly -nnecessary es mine exolosions. The progress heretofore meade in 
greater safety has been based largeiy on sad and costly exnerience, regard- 
less of the type of industry involved. 


l The Bnreav will welcome revrinting of this pnaner,. provided tne following 
footnote acknowledgment is ured: "Renrinted from U. S. Bureau of Mines 
Information Circv.lar 6752." | | 

2 District engineer, U. s. Bureau of Mines Safety Station, Selt Lake City, 
Utah. . 
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HISTORICAL REVIEW 


The records of early exoloration of Utah start with two Svanish vriests-- 
Escalante and Domingues, of Sandoval, N. Mex.--who reached the shores of what 
is now known as Utah Lake on Seotember 23, 1776. Forty-eight yeers later, in 
1824, Great Salt Lake was discovered by James Bridger, a travver who came down 
the Bear River, and in 1832 a party under Captain Bonneville exnlored Salt 
Lake Valley. 


If these early exolorers dveeoverca any coal, no record of the discovery 
has been preserved. On July 24, 1847, the first party of Mormon imigrants, 
led by Brigham Young, entered Salt Lake Valley and established the first per- 
manent settlement. How soon after their arrival coal was discovered is diffi- 
cult to ascertain. Marcus E. Jones, Treasury expert, reported to the Trea- 
surer of the United St->tes in 1890 thet the first discovery of coal was made 
in Sanpete Valley and that in 1851 coal was discovered near Cedar City in the 
Colob-Kanab field. | 


Bulletin 285 of the United States Geological Survey says that coal was 
discovered at Wales, Sanpete Count;, in 1857 and mined in 1862; the 1896 
report of the coal-mine inspector of Utah says that the Wales mine was the 
oldest coal mine in the Stete, having been onened in 1855, when. the out»ut 7 
was consumed by the surrounding settlements. It seems definitely established, 
therefore, that the Wales mine has the distinction of being the first worked. 
It is also known thet the Winterquarters mine, opened in 1878, was the first. 
in Cerbon County. The Union Pacific Railroad was comoleted across Utah in 
1869 and connected with Salt Lais by a branch line in 1870. The Wales mine 
was reached by rail in the eerly seventies. Wren Winterquarters.was opened 
a& narrow-gage railroed was accessible for shipoing the coal to Provo, 


FATALITIES 


Table 1 lists l2 exolosions, only 9 of which resulted in loss of life. 
The second and most disastrous exolosion, also one of the worst in the mining 
history of the United Stetes, with a loss of 200 lives, occurred May 1, 1900. 
The next in rank with respect to the number of lives involved (referred to as 
case 4) occurred on March 8, .1924, with a loss of 171 lives. Case 1l was 
the third highest, with a loss of 20 lives; cases 6 and 12 were next, with a 
loss of 5 lives each; cases 3, 5, and 10 eccounted for two lives each; and case 
8 one life. In ceses 1, 7, and 9 no lives were lost because there were no 
men in the mine at the time, 


Of the 9 exolosions resulting in loss of life, 5 were major disasters, 
thet is, those in which 5 or more versons were lrilled. ; 


The total mmber of lives lost due to exolosions in Utah from May 1, 1900 
to July 1, 1933 was 408, and 90 percent of this total is due to the two largest 
explosions listed in table 1 as cases 2 and 4. From July 1, 1918 to June 30, 
1933, inclusive, a period of 15 years, there were 523 fatalities in the coal 


mines of Utah from all causes, and 39 percent were killed by exolosions. 


3 Allen, C.A., Tech. Paver 345, 1925, 90 po. Analyses of Utah Coals. 
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From 1900 to 1932, inclusive, 110,282,580 tons of coal were nroduced; 
the number of tons croduced ner fatality from exnlosions alone was 270,300, - 
and the number of fetnlities from this ceuse ver ilillion tons mined was 3.6. 
Hence for. this neriod tae fatality r-te from coel-mine ex ,losions ver mil- 
lion tons of vroduction ir Utah is hisher then the average frtality rete of 
the cocl mines of tne United St-tes for all causes of cosl-mine accidents 
(falls, haulage, exnlosions, ex-losives, electricity, etc.). 


Following the Winterquerters disester cn Hay 1, 1900, with its 200 
fatelities, there wus not a sirgle major Cisaster dve to exolosions for 
elmost 24 years. Tis is a rather remarkable record when it is considered - 
thet dvring this time practically no rock-dust was used, black vowder was a 
common blagting agent in meny of the mines for a number of years, blasting was 
done during the worling shift in several mines, weter was not very generously 
aoplied to cutter bers or roadways and face regions, nonpermissible electri- 
cal equioment wes in more or less generni use, and fireproof or fire-resistant 
ston rings were installed to only a limited extent. The immunity from explo- 
sions over at least the last. 10 yeers ‘of tais oeriod may be attributed largely 
to good fortune, : 


Since explosions ado not, ‘hhavven’ by chance but from definite causes their 
prevention would liiewise esear to be the result of well-directed effort; 
however, the rigid vreceutionary measures thet were in effect for a number 
of yeers following the Winterquarters explosion tended to lull the industry . 
into 2 false sense of security, and aonarent relaxation of many safety prac-_ .- 
tices end methcde set in about the veriod of the World War. 


CAUSES OF EXPLOSIONS 


_ It is not always a simole matter to determine the exact cause--that is, 
the igniting agent--of en exnlosion; furthermore, frequently there are dif- 
ferences of opinion among mining men as to causation influences or agencies 
as found in investig-tions after such crtestrouhes. Some reesons for this are 
that those nearest the origin are often killed, the forces of the explosion 
tend to destroy the evidence, and not infrequently the initial explosion may 
be followed by one or more secondzry exnlosions locally or even extending 
throuzhout the mine, thereby confusing the evidence of the cause ‘of the first. 


The data in table 1 on causes are based on such records as are available. 
The evidence, however, is not always conclusive; as a result, in some cases 
there tiny be divergency of opinion. It will be noted that 3 exnlosions, 2 
covering the entire mine end 1 about half of the mine, neeurved in neither 
injury nor fatality. tq anyone, , 


Of the 9 sxolostone resulting in 1 or more fatalities, 3 were caused by 
open lights, with 175 or 43.2 sercent Killed; 1 was ceused by exmlosives. 


(black blesting. powder), with 200 or 49. 4 percent xilled; and 5 were caused 
by electricity, with 30 or 7.4 percent icilled. 
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Attention mizht be directed to the fact that 5 of the 12 explosions occur- 
red in 2 mines, 2 in 1 mine ane 3 in thé other, Cases 4 and 7 refer to the 
same mine, end the other mine is designated by ceses 5, 8, and S. (See table 1.) 


It would apoear advantageous to grou> the 12 exclogions by causes-- 


., thet is, open lights, explosives and: ‘Qlusting, and electricity--and discuss 


briefly each cese fallirg in its respective group. 
CPEY LIGHTS 


There is no known record of en explosion in Utah mines ever having been 
caused by matches or smoking material. Since the beginning of Statewide use 
of closed lights (permissible electric cap lemps) in mines of this State 
about the middle of 1924, no explosion or gzs or dust ignition has been initi- 
ated by an onen light, an imoroperly assembled flame safety lamp, or a defec- 
tive permissible Sicctric: lar. : 


Tie first five exolosione of which there is recoré, covering the period 
fron March 22, 1300, to May 23, 1924, were all in open-light mines, although 
permissible electric cap lamps wers. at hand at one mine but not yet installed 
when the explosion listed es case 4 occurred,. These five explosions killed 
375 men (92.6 percent of the totel fetclities from explosicns. since 1900). 
Thirty men (7, 4 percent, of the total). heve been killed by exolosions since 
closed lights were introduced and in no instance wes the closed light even 
renotely responsible for the ignition. 


Case 3.--At the noon hour two men building a stonping »vroceeded into the 
air course, where it was wermer, to est their lunch. A body of gas which had 
collected in a cavity in the roof was ignited by their open lights, and both 
men were fatally burned. The concussion was sufficient to blow out timbers, 
with resultant roof fall, which contributed furtker to the injury of the two 
men, This accident indicates poor ventilation and lack of prover gas 
inspection. 


Case 4,--This explosion, wiich resulted~in the death of 171 men (every 
mean in the mine), wes the second largest with resvect to loss of life thet 
has ever occurred in Utah; in fect, only 10 exclosions have caused grecter 
loss — life in coal mines of the United States. 


There appeared to be enou zh evidence to este Sadik the fect thet this 
explosion originated in a room driven to the rise from an entry, the pitch 
of tre coal bed being about 10 nercent end thickness about 25 feet. The 
nisht before the exnlosion some of the ton coal had been shot down in this 
room to within a few feet of the fact The fire boss was found on the inby 
side of this pile of top coal with his flame safety lamp, which had been 
disassembled, Two miners were found on the outby side of the coal pile 
close to a car of coal, which evidently had been loaded that morning. There 
is every indication tart the fire boss had found gas nesr the roof in this 
room on his initiel examination before the shift came into the mine and had 
gone back with the two miners to remove ite-enything but safe procedure, 
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especially in an open-light mine. Evidently he had climbed on top of the 
coal pile wnich had been shot down the night before, and while he was testing 
for gas in the high place from which the too coal had fallen the flame on his 
flamce safety lamp wes extinguished by an explosive mixture of gas and air. 
After getting down from the pile of coal and apparently having used a spray 
of water from a hose to diffuse end partly remove from the nigh place the 
explosive gas accumlation the fire boss ovened his flame safety lam» and was 
in the act of relighting it, using his csrbide lamv, when he or one of the 
miners ignited the ess. The gas very probably was stirred up by the fire boss 
while making his test and while using the water spray. <A roof fall, which 
occurred just before or at the time of the explosion and partly covered one 
of the miners, may have culled the ges down to a point where it could easily 
have been ignited by one of the miners! carbide lamns; more probably, use of . 
the water sprey moved the ges so that it cane in contact with an open light. 


The first explosion anoarently was initiated by a local gas ignition 
of sufficient magnitude to cause it to svread to adjacent olaces where there 
was much dust and »ossibly additional gas, and this »recipitated a widespread, 
extremely violent, dust exnlosion. <A few minutes after the first exvolosion 
a second occurred in which gas presumably played little or no part. While it 
was thought by many thet a third exolosion occurred, this was not substanti- 
ated by the evidence. 


No rock dust had been used in this mine before the exnlosion, water 
being relied uoon to render the coal dust nonexnlosive. This occurrence 
empnasizes the fellecy of relying upon the use of water only as an agent to 
mace Utah coal dust safe. Assuming thet the unstinted use of water might serve 
to prevent fine coal from oarticivating in an exnlosion, due to the human 
elenent involved, there would always be the probability of sufficient laxity 
to destroy in a large measure the reliability of this method of treating coal 
dust, 


Permissible electric cav lanos hed been delivered to the mine before the 
explosion but had not been wot into service, vending arrival of nart of. the 
Charging eouipment; althougn the exolosion might not have occurred if the 
electric can lamos were being worn, on the other hand there is no guaranty 
that the fire boss mizht not have used a match to relight his flame safety 
lamo and thereby precipitated the disester, as there was every evidence that 
he was attermting to relight the flame safety lero wnen killed by the explosion. 


Tnis mine was one of the most sefely equipped and operated in Uteh; in 
fact, it was considered by many »ersons as a model mine with respect to safety. 
More than 180,000 cubic feet of air entered the mine every minute, and venti- 
lation was by snlits. The mine was considered one of the best-svrinkled pro- 
perties in the State; sorinkling hose with edequate water pressure were main- 
tained at each working face for use of those employed at or near the faces, . 
and three full-time sorinklers were regularly emloyed to keeo haulage roads - 
and nonworking places darmened. However, certain varts of the mine, including 
that in which the exolosion started, were very gasSy, the coal dust is 
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exceptionally explosive, the coal is of such nature as to give off much dust, 
the high coal worred om a niteh mode effective ventilation difficult, the oven 
lights and nonpermissible flame safety lemoS were dangerous, and the procedure 
in removing an accumulation of explosive ¢as was anything but sefe. 


Case 5.-~Two miners were fatally burned when they attenmmted to remove 
standing gas in their working place by "brushing"it out with water from hose, 
and the gas was ignited by naked lirchts in use in the mine. The place was 
"danger-marked", and the information is to the effect that the two miners, who 
were of foreign birth, had been warned to stay out of the vlace. It is vossi- 
ble that they did not fully understand the orders, as wes brought out by some 
conflicting evidence. The exolosion was local and was undqubtedly limited by | 
the presence of moisture.’ : a 


Substantially erected line canvas from the last oven crosscut close to 
the face, well-maintained with a minimum of leakage, will under ordinary condi- 
tions keep the face free from gas accumulations. - The nrover time for removing 
standing gas is before the shift enters the mine, and then its removal should 
be attempted only by properly queliried persons taking all feasible précautions. 


UXPLOSIVES AND BLASTING 


Although there have been at least four exvlosions, presumably caused by 
exolosives or blasting, only one resulted in loss of life. Since the intro- 
duetion of permissible exnlosives, fired electrically, in Uteh no mine exnlo- 
sion which resulted in a single fatality has teen caused by blasting. Three 
explosions occurred at the time of blusting electrically from the surface with 
no one underground and no verson was hurt on the surface or elsewhere: in 1 
instance dynamite was used, and in 2 instences permissible exnlosives were 
emoloyed. -It is probable that in at least two cases the explosion was due to 
ignition of gas'or dust or both by en electric ere rather than by the ex- 
plosive. | - | 


Case 1.--\"hen the explosion occurred this mine was one of the most vro- 
gressive in the United States from e safety point of view;. in his report to 
the Governor of Utah for 1899, the State mine insvector said of this property: 
"To guard against dust danger, the management has put in water and steam 
sprays to keep the mine damp,” | > : 

"The coal is dug in the mine.by being rirst undermined and shot off 
with Hercules powder, of which they used 38,450 pounds during the year 1899. 
All shots are fired by electricity, when all men are out of the mine, which 
I think is the safest way to mine coal where dust is exnlosive."” 


At about 7:30 on March 22, 1900, a shotfirer threv in the final shooting 
Switch on the surface to put off all of the shots in the mine. He stated that 
the resultant concussion did not anpear to be as loud or as strong as usual, 
so fearine that some shots had not "gone", he threv the electrical current into 
the shooting lines a second time. Immediately a very violent exmlosion occurred 
which blew out every masonry stopping and overcast in-the mine, practically 
demolished about 200 mine cars, and in general wrecked the interior of the mine. 
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The State mine inspector's rerort to the Governor on this explosion said: 
"The explosion was nothing more than e. dust ex>rlosion caused by the firing of. 
heavy shots on the ninth rise. ********* When the shots went off, they caused 
a great dust, and it is supnosed caused some of the wires to become crossed, 
and when the current was turned on tne second time, it caused a big flash and 
ignited the dust end caused the exnlosion." 


While the proverty demage was heavy, no human being suffered any injury, 
an excellent tribute to the foresizht of the mining comvoany wnich before 1900 
had in operetion a system of blasting which was and is thoroughly effective 
in safeguarding human life in a mine lkmown to have explosive gas and very 
inflammable dust. | 


Case 2.--According to the best available information, this explosion, 
which cost the lives of 200 men, originated in No. 1 mine but both Mo. 1 
and No. 4 were involved. The explosion occurred about 10:25 A.M. on May 1, 
1900. Seven were injured, 2 escared from Mo. 4 mine and 103 from No. 1 mine, 
and about 84 emloyees of No. 4 mine and 116 from No. 1 mine were killed, the 
latter chiefly by gases. 


The cause has never been absolvtely determined. The theory has been ad- 
vanced that firing shots in rotetion raised a cloud of dust of sufficient in- 
tensity to vermit ignition by subsequent shots, but the most orobseble theory 
aooears to be that a quantity of black blasting powder was accidentally igni- 
ted by an oven light, initiating the exolosion, which was »nropagated by coal 
dust. Explosive gas is :ot ‘:nown ever to have been found in either No, 1 or 
No. 4 mine from the time they were onened until they were finally worked out 
and abendoned, and there is absolutely no cuestion thet this was entirely a 
dust eaueontens 


When it is sonsiasrad: that mines at that time were operating with open 
lights, using blac:: blasting powder, in many instances with several kegs in 
one working place, with shots stemmed with fine coal, and few if any limita- 
tions as to quantity of ex»losive per hole and firing done by miners with the 
shift in the mine, with absence of rock dust and little or no use of water 
to neutralize the coal dust, it is marvelous thet there were not more disas~ 
ters of this character. 


The sablosion in these two mines exerml$ fted not only the hazard of open 
lights snd black blasting powder in coal mines bet was one of the most con- 
vincing instances of the exnlosivili@; of coal dust without the aid of exnloe 
sive gre thet had ever oecurged and in fact thet has occurred to this day. 
Moreover, it vointed out the hazarg of eonneccang @orl mines; in thés instance, 
the exolosion started in one mine, killed about 84 >ersgons, end wrecked the 
mine; wiile the other mine was essentially unharmed by the exolosion, the 
pofsonous gases extended into the other mine and killed over 100 employees. 


Case 7.--This exnlosion was essentially as violent as the one in this 
mine on March 8, 1924, although fortunately no lives were lost. The effects 
of the explosion extended €0 evesy past of the mine, wrecking concrete over- 
casts and blowing out nearly all the stoonings, which were also concrete. 
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Several fires resulted, which neceesiteted senling a portion of the nine, 
end a locel exnloston gccurred in the sealed area about the tine tue last 
seal wes being completed, bot with no demage to the seals end without injury 
to any” workers, 


The exnlosion occurred immedist<cly nfter the closing of the master shot- 
firing: switch on the surface, So one wee in the mine at the time, and no one 
Was injured on the surface. 


Tuere was mich evidence of overcharged shot holes, and it is probable 
thet exolosive ges m:y have boen oresent in one or more working feces. It 
aopears to havo been the custom to drill some ehot holes to . devth of as 
mich as 18 feet, slightly irclined upward to trirg down top coal, and muuwserovs 
shots of this tyne were fired in the sans working nleces at one time. In 
view of such obviously unsafe practices in vogue before the explosion the 
occurrence was not wrolly unanticisated by mimerous well-informed mining men 
familiar with the conditions. 


Althorgh nunerous questionsble practices undoubtedly were emcloyed with 
respect to blasting in this mine before this particular exclosgion, it is to 
the credit of the management that the crystem of blasting electrically from 
the surfece with no one in the mine, which was adopted in tuis coal-mining 
community meny yeers before, was in effect at tne time of tnis explosion; 
therefore while the property loss wee very heavy, no person was killed or 
injured. 


Case 9.--This cese alco definitel; proved the excellent safety volicy 
of firing all shots from the surface with no one in tne mine. The explosion 
occurred sirmltaneously with the closing of the master shot-firing switch on 
the surface, No one was injured, but considerable damage was done to that 
pert of the mine traversed by the exologsion wave. Concrete stonpings and 
overcasts were blown out; end many timbers were dislodged, followed by several 
heavy roof falls. 


Tuia mine is recognized as one of the most g-sey in toe State, and the 
coal dust is highly explosive, Tusere wos, iowever, no evidsnce of violence 
more than 5,000 feet in any cirection from tre origin of tae explosion, and 
only abcut half the mine was effected. This affords one of the clearest- 
cut instances on record where a violent explosicn was limited ty rock~dust 
and rock-dust bcorriers plus wet zones, 


The explosion originates in the fece of oan entry; lees than 200 feet 
dons. A fire was sterted in tnis entry as a result of the explosion and wes 
extinguished by locel flooding. After the fire had been extinguished the 
entry was found to be caved to such an extent that it wes never reovened. In 
consequence, evidence on the underly! ng cause of the exnlosion that might have 
been available at the face was lost. | 


The explosion may have been stzerted by a misplaced shot, or gas may heve 
been present as the result of a vossible fall which may have brought down the 
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line brattice between tre time the snot holes vere charged and the firing of 
the ‘shots, Incidentally, tin is one of tne best-supervised mines in the 
State, as evidenced by onerating tle uo-to-date shot-firing syetem, tie unre- 
mitting effort to maintain :3001 ventilstion, snd mimerous other practices 
and installations in line with sete mining ~ractice in a oroperty with numer- 
ous inherent hazerds, a . a | 


SRECTRICITY 


Although electricity has become a mogt immortent eccnomic factor in the 
production of coal, on the other nuand ite wide, varied, snd extensive aooli- 
Cation has crested one of the greatest hasards in modern coal mining. 


Electricity was either directly or indirectly res vonsible for 5 of the 
12-exolosions. Four of the five were fairly clean-cut cases, but in the fifth 
there was the vossibility thet zas wse ignited from spari:s caused by mining- 
machine bits cuttin, sgainst » roci: snar, not ar wneomion occurrence in that 
section of the mine, 


Electricity accounts for startin, 45 percent of the exnlosions that have 
occurred in Utah. Thirty-three f:talities (8.0 pereent of the.total number 
(408) killed by exslosicius in the col mines of Uteh) were due to ignitions 
by electricity. | 


It will be roted from teble 1 thet 4 of the 5 esmlosions of electrical 
origin were caused ty electric corl-cntting machines (nonpermissible type) 
and the other by an electric (trolley-reel tyoe) locomotive. 


Case 6.—-This exolosior. occurred cbout 6:00 9.m., with only five men in 
the mine, all of whom were killed. A few minutes later a second explosion 
occurred, the cause of which wes never satisfactorily"determined, The ini~ 
tial explosion was cormaretively light, while the second exnlosion was vio- 
lent, covering all oarts of the mine. As an indicetion of theshigh pressures 
developld, a 5- by &-foot timbered i:texeWair shaft, 50 feet deeo, was in- 
creased to about 8 by 10 feet in cross section, all of the timber and loose 
rock between the timber : ri the solid rock being scattered along the surface 
adjacent.to the sheft collrr. ; 


Trts was a closec-lig::t mine, permissible electric can lamos being used 
by the underground force. Mescneticelly locked permissible flame safety 
lampg were used for gss testing. 


The mine had been vartly roci-dusted which, as in other instances, may 
have given a false sense of security. 


The evidence indic-ted ferirly conclusively thet a bedy of standing gas 
was ignited by sozrks or arcs from a rining nachine. It was stated that on 
the day of the expicsion e curtzir. had been placed across the slove, wiich 
Was. one of the two intanxes, to cefiect the air into a section of the mine 
which was beirg rock-dusted. Agsuming this to be true, thet section of the 
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mine in which the exolosion is supvosed to heve originated would be deprived, 
for the time being, of the proper amount of air. It was further eteted thet - 
at the time of the exolosion ne fen had peer ehut oe for ery ee 


This mine was classed as gassy, end éither of the above Incidents might 
account for the presence of standing gas. , a ooo 


Case 8.--A motorman was fatall; burned dy a local gas seeidiien while 
pushing four emoty cars into a slant or inclined crosscut with a trolley- 
reel locomotive operating from the trailing ceble. The locomotive had reaches 
a kmckle in the slant crosscut, and a roof cavity over this point was ap='! 
parently filled with gas. The movement of the Cars prevensy proven’: ane gas 
down to a level with the controller. | 


Proper insvection and subsequent removal of the ges, or the use ti aay 
permissible storage-battery locomotive, would have prevented the accident. 
A dust explosion, possibly extending throughout the mine, was prevented by 
rock-dust and damp to wet conditions at the point of origin. 


Case 10.--4 machine runner and his helver, after cutting a Salsa: had 
loaded the machine on the truck when a local g-s exvolosion caused their death. 
This place had been inspected by the fire boss 34 hours before: it. was cut 
,and found cleer of gas. The line brattice extended to within 64 feet of the 
‘face, The nonpermissitle machine had evidentl; cut into a "blower". which . 
filled the face region with gas. The gas was ignited by an electric ere or 
spark or from an overieated resistance, The explosion, which: was of suffi~.— 
cient violence to blow the nips of the trailing cable off the power circuit, 
was limited by the naturally wet conditions which extended 120 foet back from 
the face. 


Case 11.--The exolos#on originated in No. 3 mine and extended through a 
rock tunnel, 2400 feet in length, into No. 1 mine. Three men were in No. 3 
mine and 26 in No. 1 mine; this constituted the entire night shift of both 
mines, All in No. 3 mine were killed and 17 in No. 1 mine. | 


In No. 3 the exolosion was violent and covered virtually the entire mine. 
Little violence was merifested in No, 1 mine, only two of the 17 being killed 
by violence, The rock tvnnel connecting the two mines was neturally wet to 
such an extent thet no flame reacied No, 1 mine; 15 of the 17 perished from 
the effects of tne afterden) in this mine, Both mines had been vartly rocke 
dusted; this again illustrates the futility of eeTy ine on "half-way" exolozior- 
prevention measures. 


The last insvection for gas in the place in which the explosion is sup- 
posed to have originated was made about 15 hours before the macninemen began 
cutting the place, There were two mining machines, both of nonvernissible 
tyne, in operation et the time of the exnlogion. One wes traveling outby in 
@ room, while the other was undercutting in another section of the mine. 
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A body of zas was ignited by ons of the two machines or nossibly by a 
spark caused by machine bits cutting a rock snar. The ges mey have been re- 
leased by the undercutting. There is also a possibility that 1 of 3 doors 
may have been left oven, thereb; s* ort-cireniting tue” ‘air. 


Case 12.--Of tre 13 men in the mine at the time of the exnlosion, 5 were 
killed, 6 were injured, and 2 escaped uninjured. 


The mine was in the initisl stezes of develooment -nd was recognized as 
extremely gassy. In szite of this fect the fon was not in operation at the 
time of the exolosion,.neiter was line brattice used to ventilate tne faces, 
3/4-inch. cormressed air lines being relied u-on tu give the necessary fece 
ventilation. 


The evidence, while »erhans not sbsolately conciusive, indiceted beyond 
a reasonable doubt thet the exslosion wes caused tz; ipnition of gas by a non- 
vermissible electric mining machine. Tre evidence further indicated that 
this was a ges exolosion in which coal dust olayed a minor part, due to the 
limited extent of the mine workings and the liberal use of water on cutter 
bars and the face regions. No rock-dusting had been done up to the time of 
the explosion. The mine was on a. strictly closed-Light basis, but the non- 
smoking mle was inforced ith haxity if at all. | 


This exolosion illustr-tes tie folly of trying GO “operete a gassy mine 
without enongh face ventiletion ond. with nonpermissible : électrical equip- 
ment and is another instsnce of the denger of trying to move exolosive gas 
or to ventilate g:ssy regions b: a jet of comoressed'air or of water. 


PREVENTION OF EXPLOSIONS IN UTAH CCAL MINES 


A review of the foregoing occurrences is of velue only in eo fer as it 
may impress uson the industry the nossibilaty of the recurrence of exclosions 
and to emohasize the lessons to Se learned from those which have already hap- 
pened. Of greater immortance, however, is apolication of the knowledge gained 
tnrough scientific research relutive to the methods of oreventing explosions. 


Of°all accidents occurring in coel mines there avoeers to be least justi- 
ficetion for those resultin: from mine exolosions. The United States Bureau 
of Mines, through large-scale tests et its Exnerimentel mine, has vroved that 
dust from Utal coals ranks among the most exolosive in the country. Through 
such tests it was determined thet et least 70 vercent of incombustible mate- 
rial mst be present to vrevent vrovageticn of an exolosion by Uteh cosl dust 
wnen exolosive g-s is absent, 


Rocx-dusting; rock-dvst berriers; water acolied generously to cutter bars, 
face regions, cozl niles, emmt;, end loaded cers, and haulage roadways; adequate 
ventilation; rigid fire-boss insnection, with accurzste deily revorts; vermis- 
sible ex>losives, used in a vermissible manner; permissible electrical equin- 
ment, oroverly siaintsined; closed lights, of oermissible tive; permissible 
flame safety lamos; tisit cers; clean tracks; limited topoing of cars; enforce- 
ment of the no-smoking rule, plus good supervisien--all of which are within 
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the reach of the average mine overator--will go fer toward preventing dst 
explosions and reduce the likelihood of gas ignitions to a remote sossibility. 


ROCK-LUST 


Exverinents itn the uee of incozt:s,ible dist or rocl—ust to rednce the 
coal-dust hazard in mines were conducted in Great Britain and France as far 
back as 1906 and 1907, and the United States Bureau of I‘ines determined in 
1913 the effectiveness of reck-dusting and so strted in its publications. 


It reavired man years of intensive educetional work to convince the 
bituninous-coal-mining industry thet coal dust in the absence of inflammable 
Zes is explosive. For more then 20 years the Bureau of Mines has endeavored 
to gain general recognition of the fact that rock-dvust properly avolied in 
connection with coal dust would prevent the vronag-tion of coal-cust expvlo- 
sions, yet at this time not one vercent of the coal mines of the United States 
are effectively protected by rock-dusting. 


To orgvent the vronag-tion of mine explosions, the Bureau of Mines, 
recommends” rock-dusting in all coal mines, excevt anthrecite mines, 
in every accessible vert, whether in damp or dry condition. It also 
recommends that rock-dust barriers be used to sectionalize the mine as 
additional defense; but they; should not be een as a sudstitute for 
generalized rock-dusting. 


Rock-dusting methods see bacouisencths facts (1) that coal dust 
when mixed with sufficient incombustible dest will not explode, burn, 
or assist in provagating an exolosion, and (2) thet dry, fine, incom- 
bustible dust raised into the air in a sufficiently dense cloud will 
tend to check and stop a coal-dust exvlosion. These facts have been 
demonstrated by many exverimental tests in this country and in Europe, 
and after both local and general explosions in operating mines. 


Rock-dusting a mine is likely to be of little or no value in pre- 
venting the oropagation of an exvlosion unless it is thoroughly done and 
well maintained. Rock-dusting insufficiently done leaves a false sense of 
security, if gas or dust is ignited end an exvlosion sterted, which con- 
times along undusted aircourses or voorly dusted entries, ermhasis is 
likely to be placed upen the "failure" of rock=dusting rather than uvon 
the insufficient dusting. 7 


The first ster in the adequate rock-dusting of a mine should be 
thorough cleaning by weshing down of all passageways and loading out of 
as mca loose end gobbed material as vractical. Rock-dusting should be 
started in the sections of a mine where exclosions would be most likely 
to start, such as dry sections liberating considerable gas. Producing 
entries should generally be the first entries dusted, A mine shonld be 


ee oe arta eee ea, an ae ne ee 
4 U. S. Bureau of Mines Accident Prevention Course, Section 2, Explosion 
and Fire Prevention 
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rock-dusted from the face outby, and rock-dusting advanced as the work= 

ings advence. <All crosscuts, rooms, villar workings, and entries snould 

be dusted within at least 40 feet of the face or to tne last breakthrough. 

A commendable practice, rapidly coming into use, is.to keep the rock dust 
witnin three cuts cf the working face. All ertries or workings from which 
traci= is to be removed, should receive e neavir coating of rock dust on 

ribs, roof, and floor before track is removed. Aircourses and other places 
having no track inay be dusted by meets of tubing carried from a rock-dusting 
machine through doors or holes in stopnings and along the aircourse to be 
dustec., There are machines on the narket capable of blowing dust through 
several hundred feet of tubing. Good rock-dusting may be done either by 
hand or machine. Hand dusting of aircourses Eas been done by men apnly- 

ing dust from bags hung on their shoulders and transvorting sacks of dust 
through the aircourses by sled. Another method used is to blow dust through 
stoopings into aircourses et intervals of 200 to 400 feet. If there is a 
good velocity of sir in suck aircourses, fine dist will cerry well; if 
there is little air traveling, the rock-dusting done in this manner will 

be poor except near the noints of dust discuerge. | 


The smount of dust to be aonlied to an entry depends on the charac- 
ter of the coal, the amount. of incombustible matter already present in 
the mine rozd, and rib dust, ss well as the vractices lixely to cause 
deposition of co-l dust dey by day. In medium and high-volatile coals 
encugh roci: dust should be sdded to the rib, roof, and floor surfaces 
so that the road cast and the rib and roof dvst, considered separately, 
each contain over 65 percent (not less than 70 percent for Utan coals) 
incombustible material. There st:ould be enough additional dust added so 
that there will be a safety factor, that ie, so that redusting will not 
be immediately necessary. Usually 3 to 4 pounds of rock dust ver linear 
foot. of entry is the minirmm to anply on first dusting. Redusting, varti- 
cularly of haulage entries, may be necessary at frequent intervals if there 
is much coal svillage or if there is much coal dust thrown into the air 
current by ravidly moving trivs. 


. The best oractical means of determining whether rock-dusting is suf- 
ficient is by sampling the mine dust and testing the samples for incombusti- 
ble content, Thuis should be done after rock-dusting and at frequent and 
regular intervals thereefter. After some experience has been gained in 
rock-dusting, one can judge to e considerable extent by eye as to the more 
poorly dusted places and take saunles accordingiy, although samples col- 
lected et definite points determined vvithout reference to condition of the 
dust will »robably give a truer picture of dust conditions in the mine. 


Tne quantity of coal dust which a silver quarter-dollar vill hold 
is the minimim amount ner cubic foot of air that will ex.lode. It is be- 
_ lieved that this fact is not generally evpreciated end it is readily av- 
parent thet very few coal mine workings have fine dust content as low as 
this very small amount, hence vorectically all parts of coal mines have the 
hazard of exclosive dust. 
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EFFECT OF ee CN EXPLOSIBILITY CF COAL WST 


- Wet dusts cen not be clessified with dry dusts tecause of the ten- 
dency of the particles to cling together, making the formation of a dust 
cloud more difficult. Experiments have shown® that the effectiveness of 
water in preventing scatterings of dust is the only thing thet can justify _ 
its use; st the working face tnere is certainly ample place for it. On : 
the other hand, the use of water to rendér coal dust nonexnlosive in rine 
passageways has been a flat failure, and there is experimental evidence | 
to show that it can not succeed with bituminous coals. Tests were madeé 
in 1925 of mixtures of four Utah’coal dusts and water. It was found in 
the course of this investigation that 20 percent water was as much as 
these dusts (size 20 percent through 20C-mesh) would retain; if more was 
added, it sank through the dust and drained away, confirming in general 
earlier similar tests on Pittsburgh bed coal dust. Mixturee of two of | 
the coale containing 20 percent water propagated exolosions under standard 
propagation test conditions, A similar mixture of the third coal was 
subjected to a gas exvlosion and also propagated flame throughout the test 
zone. These tests leave little doubt concerning the explosipility of wet 
bituminous coal dusts. It ig true that such wet dusts ere raised into the | 
air from the floor only with considerable difficulty, but. they are dislodged ~ 
from higher surfaces or tinbers with @ase, and when formed in a cloud by’ 
any means, they ignite and provagete flane desvite the presence of the water. 


There have been 2 number of disastrous exolosions in suvposedly 
well-watered mines, end even rhere water has collected in a low place 
or "swam" for distances of 100 to 200 feet, an exolosion flame, has 
jumped over it, and has even coked dust floatite on top of the water. 


CONCLUSICNS * 


Mine explosions cem be enseenued ‘by avolying ‘practices and methods now 
readily understood and available. They will be prevented only when there is 
firm determination on the part of the managenent to do so. 


The three orimary causes of the ‘exvlosions described in this paper were 
explosives and blasting, onen lights, «nd electricity. Only one of the four 
explosions chargeeble to explosives anc blasting resulted in loss of life; the 
other three resulting in no loss of life, are notable instances of the. advam 
tages to be derived from blasting with no one underground. The one explosion 
in Uten's coal mines with blasting as the cause and the loss of life occurred 
in 1900 when black blasting »vowder, oven lights and blasting during the shift 
were allowed; all of these are now outlawed end it is significent that in mines 
With the unusual inherent hazards such as afflict the coal mines of Utah not 
& life has been lost in a Utah coal mine through an explosion caused by blast- 
ing, since blasting during the working shift has been prohibited. 

The almost universal adoption of the closed light in the coal mines of 
Utah was a tremendous ste» in the right direction. At least 175 persons have 
been killed in the coal mines of Uteh through ignitions by open lights, but 


5 U._S. Bureau of Mines Accident Prevention Course, Section 2, Explosion and 
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not a single life has been lost throuch the use of the permissible electric 

cap lamo. Some of the smaller or "wagon" mines are now using the open light, 
and sooner or later fetalities are almost certain to occur by fires, exnlosions, 
or other untoward occurrence brought about by oven lights. 


Four at least (if not all) of the exnlosions attributable to electricity 
probably would not have occurred had vermissible equinment been in use at the 
time, Through the cooveration and foresight of the Industrial Commission and 
the Mine Inspection Tevartnent, vermissible electrical equipment for use at the 
working face is being more generally adooted, and for the well-being of all 
concerned in Utah coal mines it is hoped that within a relatively short period 
of time all devices and equinment used tnerein will be of permissible tyves. 


It is confidently believed that with a resvonsive industry, effective 
insyvection, close swnervision, rigid discivline, and safety education of the 
workers, exnlosions in the cool mines of Utah will be greatly reduced if not 
wnolly eliminated, notwithstand’ ng the fact that ur to the vresent the frtality 
rate in Utah coal mines from exvlosions is the noorest of the States that 


produce coal, 
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